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(54) TOUCH TRANSFER DEVICE 

(57)Abstract: 

PURPOSE: To provide a touch transfer device which can perceive a controlled 
condition easily and accurately by transferring the condition of contact with an object 
to an operator as virtual touch without impairing the controllability of other devices. 
CONSTITUTION: A touch transfer device includes a touch transfer unit (permanent 
magnet 1a» yoke lb. coil Ic, elastic member 1e. terminal 1g) having both a virtual touch 
transfer means by which the condition of touch with an object which cannot be directly 
touched can be transferred as virtual touch and a drive means for driving the virtual 
touch transfer means; and a holding means (insulative structural main body Id, size- 
adjusting screw If) for holding the touch transfer unit against part of an operator's body 
so that the virtual touch transfer means comes into contact with the operator's body. 
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A. Relevance of the Above-identified Document 

The following is a partial English translation of exemplary 
portions of non-English language information that may be 
relevant to the issue of patentability of the claims of the present 
application. 

B. Translation of the Relevant Passages of the Document 

See the attached English Abstract, 

[CLAIMS] 

A tactile transmission apparatus, comprising: 
a tactile transmission unit, which includes (i) simula:ted 
tactile sense transmitting means capable of transmitting, as a 
simulated tactile sense, tactile information obtained by making 
contact with a target incapable of being directly touched and (ii) 
driving means for driving the simulated tactile sense 
transmitting means; and 

attaching means for attaching the tactile transmission 
unit to a part of a body of an operator so that the simulated 
tactile sense transmitting means makes contact with the body 
of the operator. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[INDUSTRIAL APPLICABILITY] 

The present invention relates to a tactile transmission 
apparatus which transmits, to a human tactile organ, tactile 
information obtained by manipulating a target object incapable 
of being directly touched. 

[0002] 
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[PRIOR ART] 

There have been conventionally known (i) an apparatus for 
indirectly manipulating a microscopic target object incapable of 
being directly touched and (ii) an apparatus for carrying out an 
operation in an extreme environment. Each of such apparatuses 
is provided with a control section and an operation section. The 
control section allows an operator to carry out control. The 
operation section carries out an operation directly on the target 
object by using a manipulator or the like. The operation is 
carried out in accordance with the control of the control section. 

[0003] Fig. 9 schematically illustrates a whole 
arrangement of a microscope provided with a micromanipulator. 
As illustrated in Figs. 9(A) and 9(B), the microscope includes a 
microscope main body 9a, a pipette 9c, and a needle 9d. The 
pipette 9c is provided in the microscope main body 9a, and 
sucks a microscopic cell 9b (microscopic target object) such as 
a fertilized egg so as to hold the cell 9b in a predetermined 
position. The use of the needle 9d makes it possible to inject, 
into the cell 9b sucked and held by the pipette 9c, either a 
reagent or a gene having different gene information from the cell 
9b. Further, the microscope main body 9a is provided with a 
pipette control joystick 9f and a needle control joystick 9e. The 
use of the pipette control joystick 9f makes it possible to control 
the pipette 9c during a microscopic observation. The use of the 
needle control joystick 9e makes it possible to control the 
needle 9d during the microscopic ob.servation. (Conventional 
Example 1) 

[0004] According to such an arrangement, the pipette 
control joystick 9f and the needle control joystick 9e are 
operated such that the cell 9b sucked and held by the pipette 
9c is subjected to predetermined microscopic cell manipulation 
with the use of the needle 9e (for more information, see Y. 
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Shikano, "Microscopic cell manipulation". Journal of the 
Society of Instrument and Control. Engineering, Vol. 23, No. 9, p. ' 
32-38). 

[0005] Further, Fig. 10 schematically illustrates an 
arrangement of a robotic manipulator system. As illustrated in 
Fig. 10, the manipulator system includes a master arm lOf, a 
slave arm 10c, a first computer lOh, and a second computer lOi. 
The master arm lOf can be set in the operator's arm. The slave 
arm lOc can be moved in accordance with a movement of the 
operator's arm. The first computer lOh generates a signal 
indicative of the movement of the operator's arm, and outputs 
the signal. In accordance v^^ith the signal supplied from the first 
computer lOh, the second computer lOi operates the slave arm 
10c. (Conventional Example 2) 

[0006] The master arm lOf is provided with a plurality of 
joint sections lOd, attaching members lOg, and a treatment 
section lOe. In the joint sections lOd, sensors (not shown) are 
incorporated, respectively. The attaching members lOg is 
attached to the operator's arm, and transmits the movement of 
the arm to the plurality of the joint sections lOd. The treatment 
section lOe is provided on the free end side of the joint sections 
lOd, and moves in accordance with the movement of the arm. 

[0007] In the first computer lOh, a master arm control 
section lOj and an operating environment simulator lOm are 
incorporated. The master arm control section lOj carries out 
predetermined signal processing with respect to a control signal 
corresponding to the arm's movement (i.e., corresponding to the 
movement of each of the joint sections lOd) detected 
respectively by the sensors. 

[0008] In the second computer lOi, a slave arm control 
section lOk and a task environment simulator lOn are 
incorporated. The slave arm control section lOk carries out 
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predetermined signal processing with respect to the signal 
supplied from the first computer lOh. 

[0009] The slave arm 10c is provided with a plurality of 
joint sections 10a and a treatment section 10b. In the plurality 
of joint sections 10a, sensors (not shown) are incorporated. The 
treatment section 10b is fixed on the free end side of the joint 
sections 10a. In accordance with the signal supplied from the 
second computer lOi, the joint sections 10a move the treatment 
section 10b toward a predetermined target object M. With this, 
the target object M is subjected to a predetermined treatment. 

[0010] According to such an arrangement, the sensors 
incorporated in the master arm lOf set in the operator's arm 
detect the movement arbitrarily made by the operator. In 
accordance with the movement signal thus detected, the first 
and second computers lOh and lOi drive the slave arm 10c. 
That is, the master arm lOf causes the slave arm lOc to follow 
the movement of the operator. 

[0011] In cases where the treatment section 10b moved by 
the slave arm 10c receives an external force from the target 
object M on this occasion, the external force acts directly on the 
operator's arm via the slave arm 10c and the master arm lOf. 

[0012] Such types of manipulator system have been 
available now. A typical example of such a manipulator system 
is a robotic manipulator system. Further, Fig. 1 1 schematically 
illustrates an arrangement of a pair of straight grasping forceps 
1 la each serving as a medical treatment instrument. 

[0013] As illustrated in Figs. 11(A) and 11(B), the straight 
grasping forceps 11a include an insertion section 1 lb, a forceps 
section 11c, and an operation section lid. The insertion section 
lib is inserted into a body cavity, for example, through a trocar 
or the like. The forceps section 11c is provided on a tip of the 
insertion section lib. The operation section lid is provided on 
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a base end of the insertion section 1 lb. (Conventional Example 

3) 

[0014] The forceps section 11c is provided with a pair of 
forceps members lie and llf, each of which is rotatably 
supported. Further, the operation section 1 Id is provided with a 
fixed operation handle llg and a movable operation handle llh. 
The fixed operation handle llg is fixed to the base end of the 
insertion section lib. The movable operation handle llh is so 
provided as to be rotatable with respect to the fixed operation 
handle llg. 

[0015] According to such an arrangement, an operation 
shaft (not shown) provided inside the insertion section lib is 
slid back and forth by rotating the movable operation handle 
llg, so that the pair of forceps members lie and llf are 
opened and closed with the use of a link mechanism (not 
shown). 

[0016] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 
However, although the operation systems such as the 
pipette 9c or the needle 9d moves three-dimensionally in the 
microscope of Conventional Example 1 (see Fig. 9), the 
microscope produces a two-dimensional observational image. In 
this case, depth information can only be obtained in accordance 
with focus information of the image. This makes it is difficult to 
precisely judge from the observational image whether or not the 
operation systems are accurately making contact with the 
microscopic target object. That is, this causes such a problem 
that, since it takes some practice to accurately make contact of 
the operation systems with the microscopic target object, 
observational efficiency and processing efficiency are reduced. 

[0017] Furthermore, in the fields of medicine, 
biotechnology, and the like, the focus of research has been 
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shifted from a cell onto an intracellular material, i.e., onto a 
more microscopic target object.. Accordingly, a more microscopic 
portion of the target object tends to be observed and 
manipulated. This requires an advanced and accurate operation 
of a manipulator. 

[0018] Further, in the manipulator system of the 
Conventional Example 2 (see Fig. 10), it is difficult to reflect, in 
the master, information indicative of hardness, flexibility, and 
the like of the target object M. Therefore, the master cannot 
cause the operator to feel a subtle tactile sense when holding an 
object via the operation systems, unlike the case where a 
normal human hold the object. The system of Conventional 
Example 2 is sufficient to reflect, in the master, a rough 
movement such as transportation of the target object. However, 
in the technical field of micromanipulators and the like where 
precise and careful movements and judgments are required, it 
is insufficient to expect, in the system of Conventional Example 
2, to (i) an operationality improvement based on display of a 
sense of resistance and (ii) accurate recognition of the target 
object to be gripped. 

[0019] Further, the mechanism of the straight gripping 
forceps 11a of the Conventional Example 3 (see Fig. 11) makes 
it impossible for the operator to feel a subtle tactile sense 
during the operation. Therefore, even a skilled operator is 
required to carry out an extremely careful and accurate 
operation. That is, the operator is required to watch a 
laparoscopic observational image while checking (i) a degree to 
which the forceps members lie and llf are open or closed with 
respect to each other, and (ii) how tissue is gripped and peeled. 
This causes treatment efficiency to be bad. 

[0020] Further, an endoscope inserted into the body cavity 
has the same problems as the forceps. See Fig. 12. A current 
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endoscope 12 is so inserted as to be operated depending solely 
on (i) image information observed through a tip of the 
endoscope 12, and (ii) a sense of resistance felt when the 
endoscope 12 is inserted. At present, it is difficult to operate 
and insert the endoscope 12 while anticipating a pain caused by 
the endoscope 12 whose outer wall is pressed against an inner 
wall of a patient's organ. Further, the arrangement of the 
endoscope 12makes it impossible to obtain, as operation 
information, a correlation between (i) a level of pressure and (ii) 
the pain felt by the patient. That is, it impossible to know how 
much pressure inflicts the pain on the patient. 

[0021] Thus, with the arrangements of Conventional 
Examples 1 to 3, it is impossible to check either (i) a tactile 
condition, i.e., how the manipulator touches the target object or 
the tissue during operation, or (ii) a gripped condition, i.e., how 
strongly the target object is gripped. Further, it is impossible to 
obtain various types of tactile information such as surface 
roughness and surface temperature of the target object. 

[0022] That is. Conventional Examples 1 to 3 cannot 
provide the operator with feedback on (i) the information 
obtained by touching or gripping the target object, and (ii) the 
various types of tactile information such as the surface 
roughness and the surface temperature of the target object. 
Therefore, a subtle and accurate operation based on the human 
tactile sense cannot be carried out. 

[0023] In order to solve such problems, there has been 
proposed a tactile sense causing apparatus disclosed, for 
example, in Japanese Patent Application No. 007196/1993 
(Tokuganhei 5-007196). That is, as illustrated in Fig. 13, the 
tactile sense causing apparatus includes an electromechanical 
transducer which includes a pedestal 13a, a magnet 13c, a coil 
13b, a stopper 13d, and a tactile sense causing section 13e. The 
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magnet 13c is provided on the pedestal 13a. The coil 13b is 
provided inside the magnet 13b.. The stopper 13d supports the 
coil 13b. The tactile sense causing section 13e is provided on 
the coil 13b. 

[0024] According to such an arrangement, a voice coil 
made up of the coil 13b and the magnet 13c is controlled such 
that the tactile sense causing section 13e is driven at a 
frequency corresponding to human perception. With this, the 
information indicative of hardness, flexibility, and the like of the 
target object is transferred to the operator's fingertip placed on 
the tactile sense causing section li3e. Furthermore, the holding 
power of the tactile sense causing section 13e is changed by 
changing the amount of electric current flowing through the 
voice coil. With this, when such a force is applied that the 
target object is crushed or smashed, the repulsive force from 
the target object is transferred to the operator's fingertip. 

[0025] Such a tactile sense causing apparatus provides 
the operator with such sensory information that the operator 
feels as though he manipulated the target object directly with 
his hands. This solves such a current problem that the operator 
has a sense of dissociation, i.e., the operator does not feel the 
subtle tactile sense while using the operation systems to touch 
the target object. In addition, this ensures better functions and 
high-precision operationality of the apparatus. 

[0026] Basically, such a tactile sense causing apparatus is 
preferably provided on the control section for carrying out the 
control. However, when the tactile sense causing apparatus is 
provided on the control section, the tactile sense causing 
apparatus may impair the operationality. Particularly, when the 
tactile sense causing apparatus is installed, for example, in 
another apparatus that is picked up with the operator's 
fingertips for the purpose of carrying out operation, the operator 
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touches the apparatus with the tactile sense exhibition 
apparatus interposed therebetween, . Therefore, the demerit of 
remarkably deteriorating the operationality of the apparatus 
may overweigh the merit of transmitting a sense of contact. 

[0027] The present invention has been made in order to 
eliminate such a negative effect, and has an object to provide a 
tactile transmission apparatus, which does not impair 
operationality of another apparatus, and which transfer, as a 
simulated tactile sense to an operator, tactile information 
obtained by making contact with a target object, thereby 
allowing the operator to easily and accurately perceive how an 
operation is going. 

[0028] 

[MEANS TO SOLVE THE PROBLEMS] 

In order to attain such an object, a tactile transmission 
apparatus includes: (a) a tactile transmission unit, which 
includes (i) simulated tactile sense transmitting means capable 
of transmitting, as a simulated tactile sense, tactile information 
obtained by making contact with a target object incapable of 
being directly touched and (ii) driving means for driving the 
simulated tactile sense transmitting means; and (b) attaching 
means for attaching the tactile transmission unit to a part of a 
body of an operator so that the simulated tactile sense 
transmitting means makes contact with the body of the 
operator. 

[0029] 

[FUNCTIONS] 

The simulated tactile sense transmitting means is driven 
by the driving means so that the tactile information obtained by 
making contact with the target object incapable of being directly 
touched is transmitted as the simulated tactile sense to the 
body of the operator via the tactile transmission unit attached 
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to the part of the body of the operator by the attaching means. 
[0030] 

[EMBODIMENTS] 

A tactile transmission apparatus according to a first 
embodiment of the present invention will be described below 
with reference to Fig. 1. As illustrated in Figs. 1(A) and 1(B), the 
tactile transmission apparatus of the present embodiment 
includes: a tactile transmission unit which includes (i) 
simulated tactile sense transmitting means capable of 
transmitting, as a simulated tactile sense, tactile information 
obtained by making contact with a target incapable of being 
directly touched and (ii) driving mesins for driving the simulated 
tactile sense transmitting means; £uid attaching means for 
attaching the tactile transmission unit to a part of an operator's 
body so that the simulated tactile sense transmitting means 
makes contact with the operator's body. 

[0042] In the following, a tactile transmission apparatus 
according to a second embodiment of the present invention will 
be described with reference to Fig. 2. As illustrated in Figs. 2(A) 
and 2(B), the present embodiment deals with modification of the 
tactile transmission unit applied to the first embodiment. 
Specifically, the tactile transmission apparatus of the present 
embodiment is arranged such that the simulated tactile sense 
transmitting means includes a transmission member 2c, which 
contsdns driving means described later,, and which transmits, to 
the operator's body (finger), a vibration caused by an impact 
made by the driving means. 

[0051] In the following, a tactile transmission apparatus 
according to a third embodiment of the present invention will be 
described with reference to Fig. 3. As illustrated in Figs. 3(A) 
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and 3(B), three arrangements each according to the second 
embodiment are provided on .top, of one another. That is, three 
insulating structure main bodies 3e, which are provided on top 
of one another, and which are attached to the finger, are each 
provided with tactile transmission units 3a, 3b, 3c, and 3d (see 
Fig. 3(b)). For example, the tactile transmission vmit 3b 
contains the elastic body 2b. Since other arrangements of the 
third embodiment are identical to those of the second 
embodiment, the explanation thereof will be omitted. 

[0057] In the following, a tactile transmission apparatus 
according to a fourth embodiment of the present invention will 
be described with reference to Fig. 4. The present embodiment 
deals with modification of the simulated tactile sense 
transmitting means and the driving means. The attaching 
means includes a ring-shaped insulating structure main body 
4h and a size adjustment screw 4g. The insulating structure 
main body 4h contains the simulated tactile sense transmitting 
means and the driving means, and can be attached, for example, 
to the operator's finger. With the use of the size adjustment 
screw 4g, the insulating structure main body 4h can be 
adjusted to fit the operator's finger. With this, the simulated 
tactile sense transmitting means makes contact with the 
operator's finger. 

[00581 As illustrated in Fig. 4, the simulated tactile sense 
transmitting means applied to the present embodiment includes 
a cylindrical member 4b, which is rotatably provided so as to 
cover an outer circumference of the driving means described 
later, and which trsmsmits the vibration of the driving means to 
the operator's finger. 

[0059] The driving means includes an elastic member. 4a 
and four piezoelectric bodies 4c, 4d, 4e, and 4f (see Fig. 4(b)). 
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On an inner circumference of the elastic member 4a, the 
piezoelectric bodies 4c, 4d, .4e, and .4f are provided at regular 
intervals in the circumferential direction. Both ends of each of 
the piezoelectric bodies 4c, 4d, 4e, and 4f are supported by the 
structure main body 4h. When a voltage is applied to the 
piezoelectric bodies 4c, 4d, 4e, and 4f, the piezoelectric bodies 
4c, 4d, 4e, and 4f vibrate so as to cause the elastic member 4a 
to vibrate (gyrate). 

[0060] Each of the four piezoelectric bodies 4c, 4d, 4e, and 
4f also functions as a shaft for converting turning-around of a 
rotor into a gyration. According to such an arrangement, when 
voltages having different phases and different frequencies are 
respectively applied to (i) a pair of the piezoelectric bodies 4c 
and 4e and (ii) a pair of the piezoelectric bodies 4d and 4f, the 
piezoelectric bodies 4c and 4e start to vibrate together and the 
piezoelectric bodies 4d and 4f start to vibrate together. The 
vibration thus generated is transmitted as a standing wave, to 
the elastic member 4a. 

[0061] As a result, the elastic member 4a starts to vibrate 
in a unique mode, i.e., starts to gyrate like a jumping rope. The 
gyration is transmitted to the cylindrical member 4b when the 
elastic member 4a makes contact with an inner wall of the 
cylindrical member 4b. This causes the cylindrical member 4b 
to rotate, 

[0062] Since the cylindrical member 4b is in direct contact 
with the operator's finger, the rotational movement of the 
cylindrical member 4b is transmitted directly to the operator's 
finger. That is, the gyration of the elastic member 4a is 
transmitted to the operator's finger via the cylindrical member 
4b, and the operator perceives the transmitted gjrration as a feel 
of movement, i.e., as a feel of the target object sliding on his 
finger. 
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[0063] Since the fourth embodiment exhibits effects 
identical to those of the fii-st . enibodiment, the explanation 
thereof will be omitted. In the following, a tactile transmission 
apparatus according to a fifth embodiment of the present 
invention will be described with reference to Fig. 5. 

[0064] As illustrated in Figs. 5(A), 5(B), and 5(C), the 
tactile transmission apparatus of the present embodiment 
includes: (a) a tactile transmission unit 5f which includes (i) 
simulated tactile sense transmitting means capable of 
transmitting, as a simulated tactile sense, tactile information 
obtained by making contact with a target object incapable of 
being directly touched, and (ii) driving means for driving the 
simulated tactile sense transmitting means; and (b) attaching 
means for attaching the tactile transmission unit 5f to the 
operator's wrist so that the simulated tactile sense transmitting 
means makes contact with the operator's body. 

[006S] The simulated tactile sense transmitting means 
and the driving means have and exhibit the same functions and 
effects as those of the second embodiment (see Fig. 2(A)), and 
include a piezoelectric body 5a, an elastic body 5b, a 
transmission member 5c, a damping material 5d, and a 
terminal 5g. The piezoelectric body 5a vibrates in response to 
voltage application to the piezoelectric body 5a. The elastic body 
5b moves in a predetermined direction upon receiving the 
vibration force of the piezoelectric body Sa. The transmission 
member 5c contains the piezoelectric body 5a and the elastic 
body 5b, and transmits the impetus of the elastic body Sb to the 
operator's wrist. The damping material 5d is incorporated in the 
transmission member 5c, and prevents the vibration of the 
piezoelectric body 5a from being transmitted to the 
transmission member Sc. The terminal 5g applies a 
predetermined driving signal (i.e., electric current) to the 
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piezoelectric body 5a. 

[0066] The attaching , means, includes a belt 5e for 
attaching the tactile transmission unit 5f to the operator's wrist. 
The belt 5e can be adjusted in length to fit the operator's wrist. 

[0067] According to such an arrangement, since the tactile 
transmission unit 5f is attached to the operator's wrist with the 
use of the belt 5e, the operator's palms and fingers become 
entirely free. As a result, the tactile information obtained by 
making contact with the target object can be transmitted as the 
simulated tactile sense to the operator, but operationality of 
another apparatus is not impaired. Note that no explanation is 
given to those effects which are identical to those of the first 
embodiment. 

[0068] In the following, a tactile transmission apparatus 
according to a sixth embodiment of the present invention will be 
described with reference to Fig. 6. As illustrated in Fig. 6, the 
present embodiment deals with modification of the tactile 
transmission unit and the attaching means. The attaching 
means includes an insulating main body 6c and a belt 6e. In 
the insulating main body 6c, two tactile transmission units 6a 
and 6b having the same arrangement as in the third 
embodiment (see Fig. 3(A)) are provided in parallel with each 
other. The belt 6e attaches the insulating main body 6c to the 
operator's wrist. Thus, since ^he two tactile transmission units 
6a and 6b are provided at a regular interval, it is possible to 
realize functions identical to those of the third embodiment. 
That is, it is possible to express the tactile information obtained 
based on a "phantom sensation", i.e., an "apparent movement". 

[0069] The present embodiment allows the operator's 
palms and fingers to be entirely free. Therefore, the tactile 
information obtained by making contact with the target object 
can be transmitted, as the simulated tactile sense, to th€ 
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operator, but operationality of another apparatus is not 
impaired. Note that no explanation is given to those effects 
which are identical to those of the third embodiment. 

[0070] In the following, a tactile transmission apparatus 
according to a seventh embodiment of the present invention will 
be described with reference to Fig. 7. As illustrated in Figs; 7(A) 
and 7(B), the present embodiment deals with modification of a 
tactile transmission unit 7e and the driving means. The tactile 
transmission unit 7e has an arrangement identical to that of 
the fourth embodiment. The attaching means includes a belt 7d 
for attaching the tactile transmission unit 7e to the operator's 
wrist. The belt 7d can be adjusted in length to fit the operator's 
wrist. 

[0071] According to such an arrangement, piezoelectric 
bodies 7a provided on an inner circumference of an elastic 
member 7b so as to be placed at regular intervals in a 
circumferential direction are driven in synchronism with one 
another so that the elastic member 7b starts to gyrate like a 
jumping rope. The rotational movement produces torque. The 
torque is transmitted to a cylindrical member (not shown; see 
Fig. 4) making contact with the elastic member 7b. This causes 
the cylindrical member to rotate. 

[0072] Since the cylindrical member is in direct contact 
with the operator's wrist, the rotational movement of the 
cylindrical member is transmitted directly to the operator's 
wrist. That is, the gyration of the elastic member 7b is 
transmitted to the operator's wrist via the cylindrical member, 
and the operator perceives the transmitted gyration as a feel of 
movement, i.e., as a feel of the target object sUding on his 
finger. 

[0073] Since the seventh embodiment exhibits effects 
identical to those of the fourth embodiment, the explanation 
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thereof will be omitted. In the following, a tactile transmission 
apparatus according to an eighth embodiment of the present 
invention will be described with reference to Fig. 8. 

[0074] As illustrated in Fig. 8, the present embodiment 
relates to modification of the driving means using the tactile 
transmission unit applied to the first embodiment. In Fig. 8, 
only components having the same arrangements as those of the 
first embodiment are given the same reference numerals. 

[0075] The driving means applied to the present 
einbodiment includes: tactile signal detecting means 8b capable 
of outputting a simulated tactile sense signal generated based 
on the detected tactile information obtained by making contact 
with the target object; and signal processing means 8a for 
driving simulated tactile sense transmitting means (see Fig. 
1(A)) in accordance with the simulated tactile sense signal 
supplied from the tactile signal detecting means 8b. 

[0076] The signal processing means 8a has a function of 
converting, into a signal for driving the simulated tactile sense 
transmitting means, the simulated tactile sense signal supplied 
from the tactile sense signal detecting means 8b, and 
outputting the converted signal. Normally, a vibration 
perception system of a human being requires larger amplitude 
when perceiving lower vibration frequencies as vibrations, but 
only requires small amplitude when perceiving higher vibration 
frequencies as vibrations. It is generally known that a human 
being can recognize, as vibrations, frequencies in a range of DC 
to approximately 1 kHz. Most easily perceivable frequencies lie 
within this range. 

[0077] Therefore, the signal processing means 8a applied 
to the present embodiment is arranged in view of such a human 
sensory property. That is, the signal processing means 8a 
produces an optimal driving signal by converting, into the 
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signal for driving the simulated tactile sense transmitting 
means, the simulated tactile sense . signal supplied from the 
tactile sense signal detecting means 8b. Further, the signal 
processing means 8a has the following function. That is, the 
signal processing means 8a stores, as data, preliminarily 
measured mechanical properties for the target object. The signal 
processing means 8a calculates a degree of transformation of 
the touched target object. The calculation is carried out in 
accordance with (i) the data and (ii) the contact force outputted 
from the tactile sense signal detecting means 8b. The signal 
processing means 8a displays the calculated degree. 

[0078] That is, the signal processing means 8a has a 
function of (i) adjusting vibration amplitude and vibration 
frequencies so that a degree of contact or a change in contact 
corresponds to the human vibration perception property, and 
(ii) outputting the signal thus adjusted. That is, the signal 
processing means 8a carries out a process of converting various 
types of tactile information into a signal by which the tactile 
information is expressed as the simulated tactile sense. The 
tactile information is obtained by making contact with the 
target object. Examples of the tactile information include (i) the 
hardness and flexibility of the target object, (ii) the feel of 
movement, and (iii) the surface roughness of the target object. 
Moreover, the driving signal supplied from the signal processing 
means 8a causes the simulated tactile sense transmitting 
means 8b to drive, with the result that the simulated tactile 
sense is transmitted to the operator. 

[0079] According to the present embodiment, calculation 
processing of an optimal driving parameter is carried out in 
accordance with the signal supplied from the tactile sense 
signal detecting means 8b. In accordance with the result of the 
calculation processing, the simulated tactile sense transmitting 



pj^g TokMkaihei 7-266263 

means is driven. This makes it possible to accurately transmit 

the simulated tactile sense to the. operator. 

[0080] The present invention is not limited ' to the 

arrangements of the foregoing embodiments, and may be 

arranged, for example, in the following manner. 

(1) A tactile transmission apparatus, comprising: a tactile 
transmission unit which includes (i) simulated tactile sense 
transmitting means capable of transmitting, as a simulated 
tactile sense, tactile information obtained by making contact 
with a target object incapable of being directly touched and (ii) 
driving means for driving the simulated tactile sense 
transmitting means; and 

attaching means for attaching the tactile transmission 
unit to a part of a body of an operator so that the simulated 
tactile sense transmitting means makes contact with the body 

of the operator. 

[0081] According to such an arrangement, by causing the 
driving means to drive the simulated tactile sense transmitting 
means, the tactile information obtained by making contact with 
the target object incapable of being directly touched can be 
transmitted, as the simulated tactile sense, to the body of the 
operator via the tactile transmission unit attached to the part of 
the body of the operator by the attaching means. 

[0082] In this tactile transmission apparatus, the tactile 
transmission unit can be attached to the part of the body of the 
operator by the attaching means., Therefore, the tactile 
information obtained by making contact with the target object 
can be transmitted to the operator as the simulated tactile 
sense, but operationality of another apparatus is not impaired. 
Further, the apparatus makes it possible to eliminate the sense 
of dissociation seen in the prior art. This makes it possible to 
accurately tell the operator how the operation is going. This 
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allows an operationality improvement of the apparatus. 

(2) The tactile transmission apparatus as set forth in (1), 
wherein the attaching means is provided with fastening means 
for fastening the tactile transmission unit to a finger of the 
operator so that the operationality of the apparatus is not 
impaired. 

[0083] According to such an arrangement, the tactile 
transmission unit is fastened to the finger of the operator with 
the use of the fastening means so that the operationality of the 
apparatus is not impaired. Because the tactile transmission 
apparatus includes the fastening means for fastening the tactile 
transmission unit to the finger of the operator as such, the 
operator can save his fingertips for normal machine operations. 
As a result, the tactile information obtained by making contact 
with the target object can be transmitted to the operator as the 
simulated tactile sense, but the operationality of the apparatus 

is not impaired. 

(3) The tactile transmission apparatus as set forth in (1), 
wherein the attaching means is provided with fastening means 
for fastening the tactile transmission unit to a wrist of the 
operator so that the operationality of the apparatus is not 
impaired. 

[0084] According to such an arrangement, the tactile 
transmission unit is fastened to the wrist of the operator by the 
fastening means so that the operationality of the apparatus is 
not impaired. Because the tactUe .transmission apparatus 
includes the fastening means for fastening the tactile 
transmission unit to the wrist of the operator as such, the 
operator can save his fingertips and entire palms for normal 
machine operations. As a result, the tactile information 
obtained by making contact with the target object can be 
transmitted to the operator as the simulated tactile sense, but 
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the operationality of the apparatus is not impaired. 

(4) The tactile transmission, apparatus as set forth in (1), 
wherein the driving means includes an electromagnetic actuator 
for directly transmitting the tactile information as the simulated 
tactile sense to the operator's body with the use of a protrusion 
and a vibration of the electromagnetic actuator, the 
electromagnetic actuator including a permanent magnet, a yoke, 
and a coil. 

[BRIEF DESCRIPTION OF DRAWINGS] 

Fig. 1(A) is an enlarged view illustrating a main 
arrangement of a tactile transmission apparatus according to a 
first embodiment of the present invention. Fig. 1(B) is a diagram 
schematically illustrating a whole arrangement of the tactile 
transmission apparatus. 

Fig. 2(A) is an enlarged view illustrating a main 
arrangement of a tactile transmission apparatus according to a 
second embodiment of the present invention. Fig. 2(B) is a 
diagram schematically illustrating a whole arrangement of the 
tactile transmission apparatus. 

Fig. 3(A) is a perspective view illustrating an operator's 
finger equipped with a tactile transmission apparatus according 
to a third embodiment of the present invention. Fig. 3(B) is a 
cross-sectional view of the tactile transmission apparatus. 

Fig. 4(A) is a diagram schematically illustrating a whole 
arrangement of a tactile transmission apparatus according to a 
fourth embodiment of the present invention. Fig. 4(B) is a 
cross-sectional view illustrating stimulated tactile sense 
transmitting means and driving means. 

Fig. 5(A) is a perspective view schematically illustrating a 
whole arrangement of a tactile transmission apparatus 
according to a fifth embodiment of the present invention. Figs. 
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5(B) and 5(C) are perspective views illustrating the operator's 
wrist equipped with the tactile transmission apparatus. 

Fig. 6 is a perspective view illustrating the operator's wrist 
equipped with a tactile transmission apparatus according to a 
sixth embodiment of the present invention. 

Fig. 7(A) is a perspective view schematically illustrating a 
whole arrangement of a tactile transmission apparatus 
according to a seventh embodiment of the present invention. Fig. 
7(B) is a perspective view illustrating the operator's wrist 
equipped with the tactile transmission apparatus. 

Fig. 8 is a diagram schematically illustrating a whole 
arrangement of a tactile transmission apparatus according to 
an eighth embodiment of the present invention. 

Fig. 9(A) is a diagram schematically illustrating an 
arrangement of a microscope provided with a micromanipulator. 
Fig. 9(B) is a partially enlarged view illustrating a needle making 
contact with a cell sucked and held by a pipette. 

Fig. 10 is a diagram schematically illustrating an 
arrangement of a robotic manipulator system. 

Fig. 11(A) is a diagram schematically illustrating a whole 
arrangement of a pair of straight grasping forceps serving as a 
medical treatment instrument. Fig. 11(B) is an enlarged view of 
a tip of the straight grasping forceps. 

Fig. 12 is a diagram illustrating that an outer wall of an 
endoscope is pressed against an inner wall of a patient's organ. 

Fig. 13 is a cross-sectional view schematically illustrating 
an arrangement of a tactile sense causing apparatus for 
transmitting, to the operator's fingertip, information indicative 
of hardness, flexibility, and the like of the target object. 

[DESCRIPTION OF REFERENCE NUMERALS] 

la —Permanent magnet, lb— Yoke, Ic—Coil, Id- -Insulating 
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Structure main body, le - Elastic member, If— Size adjustment 

screw. 

Figures 8 and 10 

8a SIGNAL PROCESSING MEANS 

8b TACTILE SIGNAL DETECTING MEANS 

lOh COMPUTER 

lOi COMPUTER 

lOj MASTER ARM CONTROL SECTION 

10k SLAVE ARM CONTROL SECTION 

10m OPERATING ENVIRONMENT SIMULATOR 

lOn TASK ENVIRONMENT SIMULATOR 
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ciftLxmi'^^<oiBicB.^^tii>, e:©<t^^c®^ i^tS. 

«. ESi*2 a*s|i8bl/i^WTt,»4ra. i^*3iI0tf*?n [0055] C©*-^. fi^-T ^>$WB{*?^^«(H«i 

aStiiCt«:>i4. itCcfc-^-C. ^^«^<KM:tes#gi3a©{4S*^p.a 
[0 049] C©J:^3a:«tig£S«)8g«b»v Em**2a^# 50 ffitM^e^*^3 b©<iS'^. *fc*>fe*iJ»*««fi'X^«b 



r -5 <fc ^ ^csfe^^es-r -s c i pjigtc/j: o . ^st)S€> 

[0 05 6] ncfc. *:|li6C?!l©SfKMXoe^^«. 
S. *yt. 2|i^SS6ai®f6®JS!i»*>±fE^l<DSUfe0!li|§I 
[005 7] >X{C. *:^BJ©^4<!Dj|Jg«?lltC<j^5MKe 

«:a^K:sHllpIttea-9--<XiiiSl*s>4 g i*«*ri> 
[0 05 8] a4{CS^ri:^(C. 3*:Slife0!I(Cjaffi$ti;fe 

[0059] mWs^mt. 5*14S|Jtt4 a i , C ©3*149$ 20 
t*4 a©igffiF«3Cc^:^itnK:liraPiTlHg5nM-:)M^*i 
^jgf^^4hK:3t^3n/c4o©Emi*4 c. 4d. 
4 e. 4 f (04 (B) #M) i=&<i^-C*s«3 . EESii* 
4 c. 4d. 4e. 4 f tcmE*E|J)!inOTff«f*4 c. 
4d. 4e. 4 f^mm$ii:?>CtiCj:-oX. SfttSW* 

[0 06 0] nc*J, 4-3©BES**:4c. 4d. 4e. 4 

SMWAcRVAe. EE«i*4 dSV4 f *». 

[006 1 ] C®ie«. ?»lt8m4 a tt. ^-OHW*- 

a*JigI«Sm4b©rtMtg3»r-5Ci(cJ:or. IStt 
Sm4b(c^$ti. C©jSf4^sm4 b^lillgS-lf^. 

[0062] i§f*^aj«4 b mr^(omicmmmk l ao 
xK^itcit. tsimu4h(D'mmmmii. mm. fgtce 
^sns. siii4gm4a©®fti5i?£a«iitt. ©tt 
sw*4 b %^Lr»fp#©j§{ce«3n. tRf^tci*. 

[ 0 0 6 3 ] c©<t ^ «cIIJSw©j9j««. ±fam i ©ii 

ll^©m5(;^lt60!l(C^^jU!^£^S(C'7(,»r. E95 
[OO64]05(A). (B) . (C) (Cn^f Jr'J 

^jfii^©M»fiagiatt. iSSjttnsciAirt so 



#ra^7-2 6 6 26 3 
10 

iBg<KM:tiE^^I8*^fiSfP^©«^{cgM^iJ:^tc. 

[006 5] g{Hfeme^#®soigiij^e«. ijem 

2<om^m (02 (A) #J1) il5l«©fPfflSl!j**ll 
SHE)&EPlint--5Ci«:<tor!S«iT-5ES(*5a 
i. c©Km<* 5 a ©tgSJ):t)5:Si:fr^^:;^ifi]{Cji«j-r 
S5*i4<*5 bi. cne>ffimft5 aR01i14f*5 b*F«i 
iauso?itt(*5 b ©ji«i:^5:aif'^©*lr«:e^4 

e^amsct. c;©e^gi5tt5 c«:rtja$tiMoffi« 

f*5 a©»»i*ieSgPW5 c«:e«3ni5:c»<fc^(cffl± 
T i f > ^« 5 d i . EEm«: 5 a «:^S©igSbfi-^ 

(BP%. niS) ?:En»n$-i*s«g^5gi*(i^rt»s. 
[0066] mmmmi. Mmeaa-r. , h 5 f 

^glf1f«©^mtC^^S-&€>'<;U h 5 e ^{iitrt^S. 
^d:*j. C©-^;!/ h5 e{i. ai{^©#^lr©*3«:(SC 

r. ms.. -e-©s33&ipiSEpifiB«:«fiS$nTc^*. 

[00671 C©J: 5 J5:«JiS«C J:ti«. ftfeKeS^- 
mr^^<0^<DZ> 6^(*SO*±-C©Ji*ft?ft S iS-S C <!: *J 

c©ifeiR. flfe©sia©aif«4*^< fflw-r-s-c 

[0068] ;X(C. :^%^©^6 ©||«&i^«C«^&Mm£ 
aJIStCOt^-C. ISI6&#MLTSii|«T-S. lae-tCn^T 

( A ) i i5-©«iiS*wr * 2 ^©wfteit 

b 6 a . 6 b *M5>J^U/cJtei^«it*a*«:6 c 
i. C©«^ia*i*6c*fiSlflE#©#lrtcCm3ltS 

•^ii/he ei3&J89:tte»ti"Ci»*. c©j:5«:. 20® 

ttmeia.- 9 h 6 a . 6 b *— 5gffflPB-CMf»J3-tt&-C 

< «tt*i;ia©a3g*i^-r s c i joioitii & 

[0069] :*:Sy60II«:J:4i«. aifP^#©i>6>^(* 
&CX^-C©Jg?:ft?)»3-a--5C<!:*i-Ct-5A:«>. ft6©S^a 

4. monmit. iB3©siJ6FSigi«r**fc8{>. *® 
[0070] Aic. :^^m<Dm7 (om&mtcmitmB. 

^S«:-p«,»r. H7%#ML-CSiWr.S. H7 

(A) . (B) -{C7K-rJ;^tc. ^SlteWi. lit^e^a. 
- h 7 e SC/^^S©?fc^{C0&»3 . MKfe^ v 
h7e«. ±12^4 ©unfits (B14#M) <!:l^-©«fiR 



[0 07 1 } C<DJ:^^c«fiSK:<l:*a«. 5f14SIM5t7b© 
Ka«){cJ:-:,T5itigm7 biSIMUfc^^Sm m 

[007 2] mvtmtit. m'^m(D^micmMmf&ox 
ti^yta), igjt)esisw©isneasi)»v m.^mcB.M^ti 

[00731 C©J: ^ !^cllJfe0d©ffe©ja»«. ±12114 

©iisfeFaii5]iii-c*€>/c*. ^©siBj««iiis-rs, '"X 

tc. 2^§^Bj(D^8©^JfeF!l«:^^)jy!«eaS^g«:o(,» 
-C. 08^#MU-CUiHJ-rS. 20 
C0 0 7 4] 08«:^rJ:5«:. Ill©il 

ig«i*e©3Sia«:wrs. 
[00751 :mmmicmm^tifdm^mt. 

^^st mi (A) mm) '^m&sit^m^fm^st 

8 ait^m^Xi,^i>o 30 

[0076] mmnm^ms siit, fmm^^tii^Ms 

•^•5Ci*s-rtr4. -iKWtC, AiaB. DCJ!»6 1kH 
zgss-citliabi L.t:i2^-c#*c <i:*J*D6nT*5 
0. C©S5HF«3«:a«>^uat^^?^?^^*i#fi-rS, 

[00771 m^x. :^m^m(>cmm^titcmmsm^ 4< 

-s/ca)©(t-^«:^ u xAMtimmm^ii^^r 4 j: ^ 
ii'JS 3 n/c?Ftii!|i5©ii*Sfl^#l4*« 7^- ^ i UTiaiSS n 

[0078] HJ%. m-^«ftS^a8 a «. ffifcl!©S^t> 5 
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XBSfi4^-fb«:Ara©Slli»i:^1^«:^t>-&*<fc ^(C. 
" ' *ii^!^©ig!s-^'me»!i»$. ^ai)®-?>affiias^©sate 

[ 0 0 7 9 ] c© i 5 ic:^mmmicj:tnt, nmmmk 

10 Ha^©8 b*^6ai:^33nfcfi^S-:Jt^t:. ftJS^cffiSb 
[0080] ^j:*J. ±^O/c§^it01I©^^ 

im^mmmtvxBM^mtj:mi&.mM&^^. r 

2/. C©^<KM:Ee^^S^IE»)S-S^fE!K)*l2*fii^ 
[008 1 ] C<DJ:'>tj:m^icJ:tHi. «e^e«c<t-5 

icnri>mfmuii. mmmtbxm^omicBm 

30 [0082] c©ft!fe:^eSS^«:*jc»-c, «^^(c J: 

otrftme^^.-^ h5fcsifp#©i*©-si5«:fia^3-&i 
(2) mum^ndcit. m<}>^<om'^\t^mmir 

Ski -r •5 ±12 ( 1 ) «:ia4S©ft!fci:e^$^. 
[0083] C © J: 5 Ja:«JStC fl!s©i^©aifp 

i?S#l3«:J:oCglf^^©}§«:Sg«$n5, C©«!:^e 
^. C©ife*. ffe©*^S©aif^e*ia«T2.Ci>i< . . 

50 msLm(<cseiriwmKi6iim.i&ifsmtoxmi'^<<-&^ 



(3) miiB^Jt^stctt. {&(om&<Dm'^m^mm-r 

$ 6 nr C » -S C i' * ■ 

i^i^ijiia ( 1 ) tcgBKcM^easig. 

[0 08 4] C(DJ;^^j:^^«:ct*a«. fte<D^gC[)Jftf^ 
^« 3 S C <!: *J-C # S$|«f*S^«^fc C <»: {C J: o 

^mm&n t u xm'^^icBMr -set a^sim tui,, 

(4) BMlBlgSti^aw. ^<D^WBLUtmiK.i:^xm. 
mBBESfT 5^ * X- 31 AT t i S C i -r 4± 

§B ( 1 ) (cgBteont^^i^. 
[0 08 5] c©J:^^«fiRtcj:n«. 3-<Ji'«:SijSi% 

ip)K::t)^:Si^^. c©<!:tri^l/fc;t>*SW/c|g«i#ia 

#©*§©fitm«ffi:&iSi(c|gsarrsc<!:{cj:oT. 
aifP^©JiK:gffiUl!fc«i LT©;^*se^3 

[0086] c©ftj!^e^sigtcte(,>r. saa^T ^ ^ 

* i - !|t {ClSg!S5S*iW < D C fi«)S6f^*5 "116 
tt^'j-s-rsai-cft-So Etc. *>*i^m?SSTi^^*x 

JS©55W*»fP«©}i«cG»r*Ci*JpI«6t«:S. M 

{c. lia[51K^S:5£^(c>'jNS»{bl/r4>. =i^;l'©^a». 
*S8e[©:^tf3«:fii«t--2>Ct*SpJ#6r*-5/c«?). iE 
<Kjj!l!«i 0-C©:t»«:Mlf^*s®K«!: l/•C^g|pJli6^ci5H 

(5) mifBigajj^Stt, mBE*Eji»n-r-5ct{cj;r>-c 

i Lr»fp#©i*{ce^-r-5.ei^gm*fiiArc»-sc i 
*!^ir*±K ( 1 ) icm^ofmsMns. 

[0087] C©<t ^ ^c«lfiSK: §f^^2SJlS©« 
ttfttce^Sn*. C©ite*. 5!iitt«:», JE««:©|g8b 

:^iia*i6i«:e*a«i*iit&-r*. attx^ji^r-© 
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6ns. c©itessi5«tcwiA6n/cw«:*«. aifp 

[0088] c©M:tfi^Slg«:*j«,^-c. ±^L/c«liiS 
©fgtt^SSC/S<HMXe^*S^« A/c C i tc <t o 
■C. aiHM»iU-Cglf^(c{£^3niiBli^etrtiiai©S 

(6) mim&^mit, ^i±imt. c©5»i4sisw© 

*®«:^^SnfctS?^©Emi*<iAT*jO. cn6 
<fco-C. BiriB5i14gl5***s®8lJ (®SiI5Ii£aSli) T-SJ:^ 

*®©®8ji*Sf^©{*{ce^-r -sist^spw^ii A-c t> 
20 -5C i«:ii$«fr*±ffi ( 1 ) ic%m<DmnBMm&. 

[0089] C©J: ^ fj:^JiS«C<t:n». ESi^t^rSiniL 

[0090] c©«[m^iSS(c«ic»r. ptitsmois 

(7) mfB^i^S(c». i9S(©ir§BM%csA^9 

( 1 ) ic%m<ofmBmms. 

[009 1 ] c©j:5>a«ifis:c<tti«. m«. 20© 

[0092] C©M:^£SilS«C43l>-C. PS^tlAiIlK 
@^Mm^^3©lll^©^^<C;(pA>4?6 

(8) H!riBig8ti*©». KiimicM'ri>mfm)tm^^ 
mux. •?r<omimMm^^mt)'oimt£fmm^tkm^ 

50 ei. c©fi!i!«m#*^w*s*^e>to:^$ti/cg(tt<ajmft 



(9) 



IS 



mM^=s:tiitl■ri>, m^mmsimt, ^jiios^i^xtt 
s^mfbt^s, ^nm,^mmu$m<Dsmim.ismm lo 

[0 09 4] c©st«:{ss^g(c*5i,>r. nmm^^m 

[0 09 5] 20 
i'f^U'kmmK'OlEilLiC^n^MiCizifiX^i. * 

mi] (A) it. :^m.m<Dmi<Dmmmi>cmifmB. 30 

'^m<0^mj:mi&=S:WzLX^-Srm. (B) fttt 
[02] (A) :4:^?8©m2©|lit0il«:<J^5fel>«:e 

»^s©isnc«s!c*Jfc*cb-cs^-ra. (b) «. jjtgt 

[BI3] (A) ». 2ic|%i»©m3Cr^i&0!l(C^&ft!l!^£« 
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1€ 

(B) ^^^S«VrS:^(^;!p^^/<:H. 

[04] (A) :^mBmm4<ommmic%^mMB 
'mms<o±i^0m!S.iiSim6^iC7n-m. (b) am " 

ms] (A) it. ^mm<omB<mM0ncmi>tiiMe: 

(c) fcfcte^$^g^ai{'p^©*tr«:ji«Lfc#;® 

[07] (A) :$:|%B^©|g7©^ife0dtcCS-5MKe 

mm.sL(D±w<omfS.iiSL«&V}iC7jkrwm. (b) «. 
@. 

[08] :^^m(om 8 ©**60iiic<j^-2,M«:e^s^g©± 

[09] (A) v^:j7n-7j^t** u-if*i|S:lt6n 
/c§B^^©*8fiR^:miBSe«j(c^i^'rS. (B) h 

licm mk^tifdmmK.mmtfimmux\,>i>wBi^7nr 

[011] (A) «. EafflMSAt?*-2)}E^^^ 

(*©«fiS«:SBsa<j«:^ria. (b) jEj^^cwfeia 

[012] rtm^©^sj&s.«i#©gmrts&BEjai/-c(,» 
■2.tfc«i*^r0. 

[013] aifP«©}§5fetC*f^Jgj<WS$-^|fe6*»S^© 

0. 

[?W>gtti!8] 

ia "vIc^MSH. lb •3-i'. Ic-ri'f^k Id - 
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